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Abstract

Aim: In neonatal clinics and intensive care units, lumbar puncture (LP) is often used to diagnose neurological, infectious, and metabolic disorders. The aim of
our study was to determine the rate of LP traumatization and associated anthropometric variables, as well as to compare concurrent microbiological outcomes
for traumatic and non-traumatic LP procedures.

Materials and Methods: We performed a retrospective analysis of electronic records of neonates who underwent LP over eight years in the level three neonatal
intensive care unit (NICU) of a teaching hospital in Turkey. We classified a CSF material as traumatizing lumbar puncture (TLP) when the red blood cell (RBC)
count exceeded 500 cells/mm?* and classified the rest as non-traumatizing lumbar puncture (nTLP).

Results: During the study period, 854 newborn infants underwent LP procedures and 325 (38.06%) had TLP. There was no significant difference between the
TLP and nTLP groups in terms of birth weight, birth weight percentile, gestational week, and year of procedure. As postnatal age increased, the TLP rate
decreased in both term and preterm patients (p = 0.001). When the rates of laboratory evaluation of CSF samples were compared, the rate of sending the
sample to the laboratory was significantly lower in the TLP group compared to the nTLP group (p<0.05).

Discussion: The TLP rate in our center is consistent with the rates found in the literature. Our findings suggest that the likelihood of TLP decreases with
increasing age of the newborn. Further studies with ancillary methods such as superficial ultrasonographic imaging are needed to decrease the rate of TLP.
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Introduction
Lumbar puncture (LP) is a frequently used diagnostic and
sometimes therapeutic procedure.
examination of the CSF using biochemical,

This allows for the
cytological,
and microbiological analyses of the CSF. Neonatal can
undergo LP to diagnose a variety of conditions, including
meningitis, subarachnoid hemorrhage, sepsis, convulsions,
and neurometabolic disease [1]. The evaluation of CSF for the
diagnosis of meningitis, a major cause of illness and mortality,
remains the most reliable technique currently available [2].
If blood cultures of patients suspected of early sepsis reveal
microorganisms, we recommend performing an LP and treating
the condition as confirmed sepsis. The LP procedure’s success
rates have not yet reached optimal levels. The literature
indicates that the prevalence of TLP in neonates ranges from
40% to 50% [3]. During the procedure, there is a possibility
of blood and CSF mixing due to the LP needle puncturing
the radicular artery or vein. In the literature, TLP is typically
defined as an RBC count that is higher than 400 cells/mm3
or 1000 cells/mm3 in the CSF [4]. These values indicate the
point at which the visual characteristics of the CSF experience
noticeable alterations on a significant level.

We aimed to determine the failure rate of the LP procedure in
neonates, as well as assess the laboratory methods for bloody
CSF samples and concurrent microbiological results. We noted
the gender, gestational and postnatal age, birth weight, and
microbiological results of the patients.

Materials and Methods

We performed a retrospective analysis of electronic medical
records of newborns who received LP and CSF collection at
Health Sciences University’s Dr. Sami Ulus Gynecology and
Pediatrics Training and Research Hospital’s NICU from 2010
to 2018. We classified newborns delivered before 37 weeks of
gestation as preterm, and those born after 37 weeks as term.
We assessed the rate of traumatization by analyzing the results
of the initial LP on the study group. We classified specimens
as TLP if their RBC count exceeded 500 cells/mm?. The study
examined the year of the procedure, the patient’s gender, the
gestational week of the procedure, the patients’ birthweight,
the birthweight percentile, and the age of the LP in both the
TLP and nTLP patient groups. The analysis focused on the
microorganisms that developed in the CSF culture, the results of
the CSF polymerase chain reaction (PCR), and the simultaneous
growth in the blood culture. We analyzed the frequency of
performing a control LP in the groups, following the guideline
to perform the procedure within 72 hours after the initial LP.
According to the clinic’s protocol, the LP procedure must be
performed with the patient in positions of lower extremity
flexion and lateral decubitus. Due to a lack of recorded needle
thickness in the file data, comparison was not possible. We
obtain three vials containing CSF samples, each containing 1-2
ml of fluid. We perform Gram staining and bacterial culture on
the CSF samples from the first tube and analyze biochemistry
parameters from the sample in the second tube. We ascertain
the cell count from the third tube sample and conduct other
tests on samples in additional tubes.

Statistical analysis

The statistical data was defined using numerical values such
as number, percentage, mean, standard deviation, median,
maximum, and minimum. We used the Kruskal-Wallis test to
compare two groups that displayed a Gaussian distribution.
We used the Mann-Whitney U test to compare two groups
that displayed a non-normal distribution. We used the Student
T test to compare two groups of quantitative variables. We
employed the chi-square test to compare categorical variables
among independent groups. We used the Spearman correlation
test to determine the relationships between the variables
and to assess the test’s assumptions. We used Cochran’s Q
test to compare variables within the same group. IBM Corp.
in Armonk, NY, USA developed the Statistical Package for the
Social Sciences (SPSS) 25 software to analyze the data. We
determined significance based on p-values below 0.05.

Ethical Approval

This study was approved by the Ethics Committee of Ankara
Child Health and Diseases Hematology Oncology Training and
Research Hospital (Date: 2018-11-12, No: 2018-180).

Results

A total of 854 infants underwent the LP procedure, with 339
(39.69%) being female and 515 (60.31%) being male. The
patients’ file notes and self-reports classified 272 (31.85%) as
preterm and 582 (68.15%) as term newborns. The newborns
with recorded weights ranged from 650 to 5133 grams, with an
average birthweight of 2751 grams. 325 out of 854 newborns
experienced TLP procedures, which accounts for 38.06% of the
total. We found no significant relationship between the year of
the procedure and TLP (p = 0.571). In 2010, the highest annual
traumatization rate was 42.60%. We found no statistically
significant relationship between gender (p = 0.775), gestational
week (p = 0.198), birthweight (p = 0.564), birthweight percentile
(p = 0.914), and TLP. We could access delivery method data for
831 (97.30%) patients. We detected 173 (43.68%) TLP and 223
(56.32%) nTLP in patients born vaginally, and 144 (33.10%) TLP
and 291 (66.90%) nTLP in patients born by cesarean section.
When compared to those born via cesarean section, the TLP
rate was significantly lower (p = 0.002). We determined the
mean age of LP in the term patient group to be 12.8 (1-39)
days, while it was 27.6 (1-101) days in the preterm group. We
observed a decline in the TLP rate as postnatal age increased
in both the term and preterm patient groups (p = 0.001). We
analyzed the biochemical parameters, cell count, and Gram
staining rates of the CSF samples obtained from 325 TLP. The
rates of laboratory evaluation of CSF samples of the patients
are summarised in Table 1.

We compared the cell count and biochemical parameters of the
CSF samples from the TLP and nTLP groups. The statistical
analysis revealed that there was no significant difference in the
WBC count between the two groups (p = 0.832). The RBC count
showed a significant increase in the TLP group (TLP: average
436 cells/mm3, nTLP: average 11 cells/mm?) (p = 0.001). We
conducted an RBC count in 11% of the total TLP CSF samples.
The abundance of erythrocytes observed in the cell count report
of most samples made it impossible to assess the accuracy of
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Table 1. Evaluation rates of CSF cell count, Gram stain, and biochemical parameters in TLP and nTLP sample groups

CSF TLP/nTLP

TLP
WBC

nTLP

TLP
RBC

nTLP

TLP
Gram

nTLP

TLP
Protein

nTLP

TLP
Glucose

nTLP

TLP
Chloride

nTLP

TLP
Lactate

nTLP

n % p

83/325 25,50%

<0,05
498/529 94,10%
36/325 1%

<0,05
499/529 94,30%
207/325 63,60%

<0,05
524/529 %99.5
187/325 57,50%

<0,05
513/529 96,97%
190/325 58,40%

<0,05
520/529 98,20%
133/325 40,90%

<0,05
415/529 78,40%
44/325 13,50%

<0,05
105/529 19,80%

Table 2. Microorganisms detected by CSF cultures and blood cultures

Patient CSF culture

1 Streptococcus agalactiae 2
2 Streptococcus agalactiae 2
3 Staphylococcus aureus 3
4 Staphylococcus aureus 3
5 Streptococcus pneumonia 3
6 Acinetobacter baumannii 3
7 Enterococcus faecium 4
8 Staphylococcus aureus 5
9 Acinetobacter lwoffii 6
10 Streptococcus pneumonia 7
11 Streptococcus viridans 9
12 Staphylococcus epidermidis 11
13 Staphylococcus aureus 15
14 Streptococcus agalactiae 16
15 Escherichia coli 21
16 Klebsiella pneumoniae 24
17 Staphylococcus epidermidis 28
18 Staphylococcus epidermidis 52
19 Staphylococcus aureus 86

the data. The TLP group significantly increased the CSF protein
level (p = 0.001) among the biochemical parameters, while the
levels of glucose, chloride, and lactate did not show a significant
increase (p = 0.759, p = 0.38, and p = 0.315, respectively).
Growth of microorganisms was found in CSF cultures of 19
(2.22%) of the patients. We found that 8 (2.4%) of 325 patients
with TLP and 11 (2.07%) of 529 patients with nTLP had growth
in CSF cultures. The microorganisms detected in CSF cultures
are summarised in Table 2. No growth was observed in 82.54%
of the patients whose blood cultures were sent simultaneously.
Control LP was performed in 45 (5.3%) of 854 patients. There
was no significant difference between the rates of control LP
(24 patients (4.5%) in the nTLP group and 21 patients (6.4%)
in the TLP group).

Discussion
Our study revealed that the prevalence of TLP was 38.06% in

LP age (postnatal day)

LP (T/nT) Simultaneous Blood Culture

nTLP Streptococcus agalactiae
nTLP Streptococcus agalactiae
nTLP No growth

nTLP No growth

nTLP Streptococcus pneumonia
nTLP No growth

nTLP No growth

nTLP No growth

nTLP No growth

TLP Streptococcus pneumonia
nTLP No growth

TLP Staphylococcus hominis
nTLP Staphylococcus hominis
TLP Streptococcus agalactiae
TLP Escherichia coli

TLP Escherichia coli

TLP Staphylococcus epidermidis
TLP Staphylococcus epidermidis
TLP No growth

our center. This rate is within the average range reported in
the literature (30-50.7%) [3,4,5]. In our study, no significant
correlation was found between gestational week, gender, birth
weight, birth weight percentile, and TLP; however, a negative
correlation was found between postnatal age at LP and TLP
prevalence in both term and preterm infants. In studies on
the frequency of TLP in newborns in the literature, TLP was
found to be higher in preterm and low birth weight newborns
[4,5,6]. We found that babies born by cesarean section had a
lower rate of TLP compared to babies born vaginally. We did
not find any study associating TLP with the type of delivery.
Based on the age at LP, we hypothesized that the mode of
delivery may trigger TLP. Studies have shown that cesarean
section may prevent early neonatal sepsis [7]. Matettore et al.
made a comparison between TLP and several factors such as
the age at which LP was performed, gender, the department
where the procedure was performed (emergency department
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or NICU), and the timing of the procedure [4]. They reported
that the rate of TLP decreased as the age at LP application
increased. In the study, they found that LP procedures
performed in the emergency department had a lower TLP rate
compared to the NICU. The authors attributed this increase
to the fact that emergency physicians were more experienced
and the patients in the emergency department were relatively
healthy, whereas the infants in the NICU were low birth weight,
preterm, or had other congenital disorders. In our study, we
found a significant difference in RBC count and protein level
in the TLP group compared to the nTLP group. We attributed
the lack of a significant difference in WBC count to the very
low rate of sending CSF obtained after TLP for cell counting.
A recent study has shown that the presence of any number of
CSF RBCs (including <500 cells/pL) affects CSF WBC count and
protein content [8].

The literature has shown that the subarachnoid space plays
an important role in obtaining CSF during the LP procedure
and in causing the TLP procedure in neonates. Oncel et al.
showed that being in a sitting position with hip flexion may
increase the likelihood of a successful LP by widening the
external interspinous space [9]. Oulego-Erroz et al. conducted a
prospective study and found that sitting in a position with hip
flexion increased both the external and internal subarachnoid
distance [10]. However, head flexion did not cause a significant
increase in interspinous distance. According to Oulego-Erroz et
al,, sitting with hip flexion increases both the distance between
the layers of the spinal cord and the distance within the spinal
cord, while head flexion does not cause a significant increase
in the space between the spinous processes. This suggests that
the head flexion position is a position which sick newborns and
preterm infants have low tolerance and does not provide any
anatomical benefit in preventing TLP. In a study conducted by
Lo et al. in 2013, subarachnoid space distances of infants in
different positions (straight lateral decubitus, 45-degree tilt, and
sitting) were measured and no significant difference was found
between the three positions [11]. Factors such as elevated CSF
pressure, enlarged interspinous space, or improved landmark
identification may contribute to the higher success rate of LP in
the sitting or tilting position. A recent and comprehensive study
found that a successful and simple LP procedure was more
likely to occur when performed in the sitting position and also
showed no correlation between the time taken to remove the
stylet and TLP [12]. Due to the retrospective nature of our study
and the use of a chart review, it was not possible to evaluate
patient positioning. In our center, the lateral decubitus position
with hip flexion and neutral head position is commonly used.
On the other hand, the size of the LP needle is thought to be one
of the most important factors that may increase the risk of TLP.
In 2020, Flett et al. published a study examining the relationship
between TLP and dry tap LP and the LP needle used. They
found that TLP was less common when a 25G needle was used.
However, the 25G group showed a higher probability of dry tap.
The study found no association between gestational week, birth
week percentile, practitioner experience, clinical status of the
newborn, and TLP [13]. Orman et al. examined the TLP rates of
two neonatal patient groups who underwent LP in the lateral
decubitus position using 22G and 25G spinal needles. The study

data supported that 25 G-tipped spinal needles caused less TLP
in neonates compared to 22 G-tipped spinal needles [14].
Many studies in the literature show that the use of ultrasound
during the LP procedure provides higher success rates compared
to the conventional method [15, 16, 17, 18]. Olowoyeye et
al. showed a significant increase in the incidence of nTLP in
ultrasound procedures in neonates and infants [19]. Gupta et al.
measured the L3-L4 vertebral space of newborns using bedside
ultrasound and developed a formula related to the gestational
week and body weight of the infant [20]. The study, which aimed
to find a mathematical formula specific to gestational age and
weight to predict the optimal depth of spinal needle insertion,
found that spinal canal dimensions showed an increasing trend
as the weight and postnatal age of infants increased.

CSF culture positivity rate was 2% in our study. The
microorganisms causing early and
detected in CSF cultures were similar to the literature [21, 22,
23].

Limitations

Our study’s significant limitation lies in the inability to compare
crucial factors like position, LP needle size, and practitioner
experience due to the retrospective acquisition of information
through electronic file data scanning. Furthermore, the analysis
of CSF specimens precluded the inclusion of dry-tap LPs in the
evaluation.

late-onset meningitis

Conclusion

Although it is a frequently needed interventional procedure in
neonatal intensive care clinics, both clinicians and patients’
families continue to avoid LP due to its high failure rate. After a
difficult persuasion process, a failed LP procedure does not help
the diagnostic process and causes stress for both the clinician
and the family. Prolonged hospitalization and the use of broad-
spectrum antibiotics are inevitable due to unreliable CSF cell
counts after TLP. It is noteworthy that our study included
a significant number of patients who underwent LP over 8
years. We confirmed that the success rate of the LP procedure
increased with postnatal age. We also found that the cell count
rate in the CSF sample obtained by TLP was low, which hindered
the diagnostic process. It seems likely that performing LP using
bedside ultrasonographic imaging in neonatal intensive care
units should be a common and routine procedure, which may
reduce the failure rate in the future.
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